Effective stratigraphic subdivision of the geologic record, as represented in oceanic sediment, may result from recognition of an evolutionary sequence of skeletal hardparts. Distinctly shaped forms or particularly abundant ones can be used to characterize an assemblage and thus a stratigraphic interval. Geographic ranges of the organisms producing such fossils and the relative preservability of the skeletons in sediment are limiting factors in recognizing zones based on both a single form and on an assemblage of forms. A system of zones based on assemblages has wider geographic applicability and is useful, because the ecologic and preservational factors that affect a single species do not necessarily affect all members of the assemblage. Thus a concurrent-range zone such as the Helicopontosphaera ampliaperta Zone can be identified, even in the absence of//, ampliaperta itself, by the other members of the assemblage: Cyclococcolithus neogammation, Discoaster deflandrei and Sphenolithus heteromorphus. Concurrent-range zones have been used in this study; those identified in the Leg 6 material are listed in Table 2 .
Although latitudinal distribution of cores obtained during Leg 6 ranges only from 8° North to 32° North, the geologic age ranges from Late Jurassic to Holocene. The extensive Caroline Ridge Miocene-Oligocene collection and the unusually complete Shatsky Plateau Paleocene section are particularly useful in terms of stratigraphic zonation. Although the array of species in this Paleocene section is somewhat different from the previously described Paleocene sections (Bramlette and Sullivan, 1961; Bramlette and Martini, 1964; and Hay and Mohler, 1967) , probably owing to the offshore environment represented at Site 47, the important guide species are present. More detailed study of this section should produce significant results on the lower Tertiary stratigraphy of calcareous nannoplankton.
Paleoecology
A preliminary comparison of late Tertiary nannoplankton from the area of the cool California Current west of northern California (Leg 5, Sites 32 through 37), that of the warm Japan Current northeast of Japan (Leg 6, Sites 47 and 48), and the warm area of the Caroline Islands where the Northern Equatorial Current and Equatorial Counter Current are present (Leg 6, Sites 55 through 58), shows differences in coccolith floras of the same age (Table 4 ). Many species, such as, Ceratolithus tricorniculatus, Cyclococcolithus leptoporus, Discoaster brouweri, and Reticulofenestra pseudoumbilica appear to be cosmopolitan throughout the samples considered. Other species are commonly present only in warm-water areas, for example, Ceratolithus cristatus, C. rugosus, Helicopontosphaera kamptneri, Rhabdosphaera clavigera, R. stylifera, Scyphosphaera sp. cf. S. apsteinii, S. pulcherrima, Sphenolithus abies and Triquetrorhabdulus rugosus. Species of Discoaster seem generally cosmopolitan, but D. exilis s.l. and D. variabilis s.l. are more abundant in the cooler, more northerly sites.
COCCOLITH STRATIGRAPHY OF CORES FROM LEG 6
Sample numbers given under the biostratigraphic zones for each site represent, in the following sequence: (cruise-leg number)-(drill-hole designation, consisting of site number plus a decimal suffix, if more than one hole)-(core designation)-(core-section number), and the interval below the top of each core section in centimeters. For example, 6-47.2-8-3, 75-76 cm, indicates that the sample came from Leg 6, Hole 47.2 (at Site 47), the eighth barrel of core recovered, the third section from the top of that core, and from 75 to 76 centimeters below the top of the section. The core sections are__l,5 meters long; most core runs were 9.1 meters long, but occasionally the core liners were not full. In this report, recoveries are arbitrarily placed at the top of the core runs, and an approximate depth in meters below the sea floor follows each sample number. 
Summary of Coccolith Stratigraphy
In Core 1 most of the coccolith assemblages represent the Sphenolithus predistentus Zone. Rare Bramletteius serraculoides, Cyclococcolithus formosus and Reticulofenestra umbilica at the top of the core and gradually increasing numbers of these species downward through the core suggest that only the lower S. predistentus Zone is represented. Most coccolith assemblages of the lowest Oligocene (Helicopontosphaera reticulata Zone) contain abundant B. serraculoides, C. formosus and R. umbilica, but such an assemblage is apparently not present in Core 1; however, it may have been represented in the lower three meters of this core, which was lost. The top of Core 2 contains an Eocene Discoaster barbadiensis Zone assemblage, that includes common large Discoaster tani tani along with D. barbadiensis and D. saipanensis, indicating a late Eocene age for the whole core. In Core 3, however, the absence of common large D. tani tani and the presence of Chiasmolithus grandis and Thoracosphaera prolata, along with large specimens of R. umbilica, indicate an assignment of this core to the middle Eocene R. umbilica Zone.
It is evident that the original outline of discoasters in high-carbonate oceanic sediment, as in other relatively permeable sediment (Bramlette and Sullivan, 1961) , is commonly obscured by a secondary overgrowth of calcite. For example, Discoaster tani nodifera is typically a 6-rayed form with parallel-sided rays bearing lateral nodes half way along each ray. The rays terminate bluntly with a slight indentation at the end. In oceanic samples, however, calcite overgrowths on this species produce diamond-shaped rays, the lateral nodes forming two apices of the diamond. The terminal indentation also disappear.
In Cores 4 and 5, the assemblages are slightly different with Campylosphaera dela and Triquetrorhabdulus inversus being present. These assemblages, as well as those of Core 3, are considered to belong to the middle Eocene R. umbilica Zone.
The relative abundance of some species fluctuates greatly in samples through these cores, indicating that they may prove useful in future ecologic studies on Eocene assemblages. 
In Core 1, the upper clay is barren, but volcanic ash layers in the lower part of the core contain sparse and poorly preserved coccoliths that indicate an Oligocene age. The center-bit and core-catcher samples, representing the only recovery in Core 2, contain a sparse assemblage from the Upper Eocene Discoaster barbadiensis Zone.
From Core 3 only a core-catcher sample was recovered. The material is a block of chalk and a sandy residue. The coccolith assemblage associated with the sand and in the chalk is Upper Cretaceous. The more extensive assemblage from the sand is considered Cenomanian. A long-ranging species Watznaueria barnesae dominates the assemblage from the chalk. These differences are apparently the result of the sand being a residue from marl layers that were penetrated, but not recovered. Down-hole slumping apparently accounts for the recovery of Upper Miocene assemblages in the upper part of Core 7; the remainder of the core is Lower Eocene. A further complication in the Miocene sediment recovery is material from the Middle Miocene Sphenolithus heteromorphus Zone sandwiched between two lengths of Upper Miocene Ceratolithus tricorniculatus Zone in the middle of Section 1 of Core 7. This irregular succession probably results from drilling, as many cores in water-rich calcareous ooze show a diapiric flow structure, suggesting such cores were intruded instead of being cut by the bit. In all other cores there was sufficient cohesiveness in the sediment so that the stratigraphic sequence of coccolith zones is in normal order. C. tricorniculatus, C. leptopoms, C. macintyrei, Discoaster challengeri, D. pentaradiatus, D. quintatus, D. surculus, H kamptneri, H sellii, R. pseudoumbilica, S. C. tricorniculatus, C. leptoporus, C. macintyrei, D. brouweri, D. pentaradiatus, D. quintatus, D. surculus, D. variabilis, R. pseudoumbilica. Upper Miocene (Ceratolithus tricorniculatus Zone) 6-48.2-1-3, 108-109 cm (55 m): C. tricorniculatus, C. macintyrei, D. brouweri, D. challengeri, D. pentaradiatus, D. surculus, R. pseudoumbüica. 
Coccoliths in Selected Samples

Upper Miocene and Upper Cretaceous, Mixed
(Ceratolithus tricorniculatus and Lower Tetralithus murus Zones) [118] [119] D. brouweri, D. challengeri, D. pentaradiatus, R. pseudoumbilica HOLES 50.0, 50.1  (lat 32°24.2'N., long 156°36.0'E., depth 4487 meters) 
Summary of Coccolith Stratigraphy
Material recovered in the two cores from Hole 50.0 is an Upper Jurassic or possibly Lower Cretaceous coccolith ooze. The lack of species of Nannoconus precludes precise correlation, but the common occurrence of such species as: Diazomatolithus lehmani, Rhabdolithus sp. cf. R. sceptrum, Stephanolithion sp. aff. S. bigoti and Watznaueria britannica in these cores favors the Upper Jurassic assignment.
In Hole 50.1, a higher section near the sea floor was cored. Coccoliths are sparsely present in the upper two cores and absent in the lower two. Uncontaminated assemblages of the Pleistocene Gephyrocapsa oceanica Zone in a deep-sea clay occur in both upper cores along with mixed assemblages that incorporate Eocene and Cretaceous species. HOLES 51.0, 51.1  (lat 33°28.5'N., long 153°24.3'E., depth 5980 meters) 
Coccoliths in Selected Samples
Summary of Coccolith Stratigraphy
From the five cores recovered at Site 51, the only sample containing coccoliths is a small amount of foraminiferal ooze from the core-catcher sample of Core 3, Hole 51.0. The Late Cretaceous assemblage of coccoliths appears to be no older than late Turonian, on the basis of Micula sp. cf. M. decussata, and no younger than early Santonian, on the basis of the absence of any common diagnostic species of the interval from late Santonian through late Maestrichtian. 
Coccoliths in Selected Samples
Summary of Coccolith Stratigraphy
All samples examined from the ten cores taken here were barren of coccoliths. 53.0,53.1,53.2  (lat 18°02.0'N., long 141°11.5'E., depth 4690 meters) 
HOLES
Summary of Coccolith Stratigraphy
All eight cores from Hole 53.0 contain coccoliths. Whereas the assemblages from the upper four cores, which contain layers of gray volcanic ash, have fairly common Middle to Lower Miocene species, the assemblages of the lower four cores, in pink limestone and marl, are sparse, poorly preserved and dominated by two species that are relatively resistant to degradation-Cyclococcolithus neogammation and Discoaster deflandrei. In well-preserved samples, these species are abundant from the Lower Oligocene to Lower Miocene. Their total range is Middle Eocene to Middle Miocene, but other resistant species, such as, Discoaster barbadiensis, ought to be present if these lower four cores are Eocene. As basal Middle Miocene strata were sampled higher in the hole, Cores 5, 6, 7 and 8 are considered to be early Oligocene to early Miocene in age.
Selective sampling of marl and limestone from these lower cores indicates that the species present and their state of preservation is identical in the two lithologies. The "marl" may in some cases represent an artifact of drilling of the soft limestone.
Three cores were cut in Hole 53.1 to determine the nature of the upper strata at this site. Coccoliths are absent in Core 1, which consists of brown clay from 0 to 9 meters subbottom. In the gray ash of Cores 2 and 3, small assemblages of poorly preserved discoasters (with central structures dissolved) suggest Upper Miocene.
A single core was cut at Hole 53.2 (12 to 21 meters subbottom) to supplement stratigraphic information obtained from Holes 53.0 and 52.1. The only coccoliths present are poorly preserved Upper Miocene discoasters. D. brouweri s.L, D. challenged, D. deflandrei, D. exilis, D. kugleri, [27] [28] D. aulakos, D. sp. aff. D. exilis, D. variabilis, R. pseudoumbilica. 
Coccoliths in Selected Samples, Hole 53.1
Upper Miocene [145] [146] [147] [148] [149] [150] Discoaster brouweri s.l., D. sp. cf. D. challenged, D. exilis, D. pentaradiatus, Helicopontosphaera kamptneri, Reticulofenestra pseudoumbilica. Middle or Upper Miocene [75] [76] D. challenged, D. sp. aff. D. exilis, D. variabilis, R. pseudoumbilica, Triquetrorhabdulus rugosus. Coccoliths in Selected Samples, Hole 53.2 Upper Miocene [75] [76] D. sp. cf. D. quintatus, D. variabilis. HOLE 54.0 Oat 15°36.6'N., long 140°18.l'E., depth 4990 meters)
Summary of Coccolith Stratigraphy
All sediment samples examined from Hole 54.0, excepting Cores 8 and 9, contain remarkably similar assemblages of coccoliths that are well-preserved; all are assigned to a single zone in the lower Middle Miocene.
Coccoliths in Selected Samples, Hole 54.0
Middle Miocene (Sphenolithus heteromorphus Zone) (Every sample examined from the ash-rich sediment of the upper seven cores contains a similar assemblage of coccoliths. A composite assemblage of the most representative species in the 39 samples examined from these cores is listed below. Cores 8 and 9 recovered basalt that is barren of coccoliths.) 6-54.0-1 through C. neogammation, Discoaster aulakos, D. brouweri s.l, D. deflandrei, D. sp. aff. D. exilis, D. variabilis, Helicopontosphaera kamptneri, and Sphenolithus heteromorphus. HOLE 55.0 (lat 09°18.l'N., long 142°32.9'E., depth 2850 meters)
Summary of Coccolith Stratigraphy
This hole on the Caroline Ridge was continuously cored from 0 to 113 meters; Pleistocene through Upper Oligocene ooze was recovered. A single major stratigraphic break occurs between the bottom of Core 3, the Upper Pliocene Discoaster brouweri Zone, and the top of Core 4, the Upper Miocene Discoaster neohamatus Zone. Pleistocene (Coccolithus doronicoides Zone) [110] [111] Coccolithus sp. cf. C. doronicoides, Cyclococcolithus leptoporus, Cyclolithella? annula, H. kamptneri, Rhabdosphaera clavigera. Upper Pliocene (Upper Discoaster brouweri Zone) 6-55.0-1-Core catcher (9 m): C. cristatus, Ceratolithus rugosus, C. leptoporus, Discoaster brouweri, D. pentaradiatus, D. surculus, [66] [67] C. sp. cf. C. doronicoides, Coccolithus pelagicus (large), C. leptoporus, C. macintyrei, .
Upper Pliocene
(Lower Discoaster brouweri Zone) 6-55.0-2-6, 82-84 cm (17 m): C. rugosus, C. sp. cf. C. doronicoides, C. pelagicus, C. macintyrei, D. brouweri, D. pentaradiatus, D. surculus. 6-55. HOLES 59.1, 59.2  (lat 11°46.8'N., long 147°34.9'E., depth 5547 meters) 
Summary of Coccolith Stratigraphy
Figure 4
Discolithina sp.; 8500 X.
Figure 5
Gephyrocapsa aperta Kamptner; 24,000 X.
Figure 6
Gephyrocapsa protohuxleyi Mclntyre; 19,000 X.
PLATE 2 Coccolith replica electronmicrographs Pleistocene, Shatsky Plateau, Hole 47.0, Core 1, Section 4 77-78 cm (5 meters subbottom)
Figure 1
Gephyrocapsa oceanica Kamptner; 12,000 ×
Figure 2
Gephyrocapsa producta (Kamptner); 21,000 X.
Figure 3
Helicopontosphaera sillii Bukry and Bramlette; 11,700 ×.
Figure 4
Rhabdosphaera clavigera Murray and Blackman; 11,500 X.
Figure 5
Syracosphaera pulchra Lohmann; 7,500 X.
Figure 6
Umbilicosphaera mirabilis Lohmann; 10,700 X.
PLATE 3 Coccolith replica electronmicrographs
Pliocene, Caroline Rise, Hole 57.2, Core 1, Section 6, 0-3 cm (43 meters subbottom)
Figure 1
Cyclococcolithus macintyrei Bukry and Bramlette; 6200 X.
Figure 2
Discoaster brouweri Tan; 7500 X.
Figure 3
Discoaster surculus Martini and Bramlette; 5600 X.
Figures 4, 5
Reticulofenestrapseudoumbilica (Gartner);4: 8600 X. 
Figure 5
Discoaster perplexus Bramlette and Riedel; 8200 ×.
Figure 6
Sphenolithus moriformis (Bronnimann and Stradner); 12,400 X.
PLATE 5
Coccolith replica electronmicrographs Eocene, Horizon Guyot, Hole 44, Core 3, Section 5, 145-150 cm (63 meters subbottom)
Figure 1
Assemblage; 950 X.
Figure 2
Group of Coccolithus bisectus (Hay, Mohler, and Wade) and Discoaster barbadiensis Tan; 4000 X.
Figure 3
Bramletteius seπaculoides Gartner and Coccolithus bisectus (Hay, Mohler, and Wade); 5800 X.
Figure 4
Bramletteius sp. aff. B. seπaculoides Gartner; 6100 X.
Figure 5
Oiiasmolithus grandis (Bramlette and Riedel); 3700 X.
Figure 6
Cyclolithella? sp.; 12,600 X.
PLATE 6
Figure 1
Coccolithus bisectus (Hay, Mohler, and Wade); 7900 X.
Figure 2
Discoaster gemmeus Stradner; 10,900 X.
Figure 3
Discoaster robustus Haq [47.2-8-1, 71-71 cm];
12,000 X.
Figure 4
Leptodiscus larvalis Bukry and Bramlette; 5200 X.
Figure 5
Pontosphaera vadosa Hay, Mohler, and Wade; 12,100 X. Figure 6 Reticulofenestra umbilica (Levin); 4400 X PLATE 7 Coccolith replica electronmicrographs Paleocene, Shatsky Plateau, Hole 47.2, Core 8, Section 6 78-80 cm (81 meters subbottom)
Figure 1
Chiasmolithus consuetus (Bramlette and Sullivan); 7,700 X.
Figure 2
Ellipsolithus macellus (Bramlette and Sullivan); 6,000 ×.
Figure 3
Fasciculithus tympaniformis Hay and Mohler; 12,100 X. 
Figure 4
Heliolithus kleinpelli Sullivan; 5,600 X.
Figure 5
Heliolithus sp.; 7,400 X.
Figure 6
Zygodiscus sp.; 8,000 X.
